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MIRROR IMAGE TARGET DETECTION AND 
RECOGNITION 

NOTICE OF COPYRIGHTS AND TRADE DRESS 

A portion of the disclosure of this patent document con 
tains material Which is subject to copyright protection. This 
patent document may shoW and/ or describe matter Which is or 
may become trade dress of the oWner. The copyright and trade 
dress oWner has no objection to the facsimile reproduction by 
anyone of the patent disclosure as it appears in the Patent and 
Trademark O?ice patent ?les or records, but otherWise 
reserves all copyright and trade dress rights Whatsoever. 

BACKGROUND 

1. Field 
This disclosure relates to detecting and identifying targets 

using a radar system. 
2. Description of the Related Art 
Radar systems typically transmit an RF signal and receive 

a portion of the RF signal returned or re?ected from targets 
and other objects. While radars may transmit a Wide variety of 
signals, a common form of radar transmits a narroW beam of 
RF energy, typically Within the microWave or millimeter 
Wave portions of the electromagnetic spectrum. A target is 
typically detected by monitoring the amplitude of a return 
signal re?ected or scattered from the target. Some radar sys 
tems determine the velocity of a target from the frequency 
difference betWeen the transmitted RF signal and the return 
signal due to the Doppler effect. Other radar systems transmit 
a pulsed RF signal and determine the distance to a target from 
the elapsed time betWeen a transmitted pulse and a returned 
pulse. 

The return signal received from a typical target, such as a 
Weapon or a vehicle, may differ substantially, in both the time 
domain and the frequency domain, from the transmitted RF 
signal. Some conventional radar systems attempt to recogniZe 
or identify the type of a target from the time-frequency char 
acteristics of the returned pulses. A typical radar system With 
automatic target recognition converts the return signal to 
digital form and then extracts time-frequency information. 
For example, the frequency spectrum, as a function of time, of 
the returned pulses may be calculated using a WindoWed 
Fourier transform or other computational technique. The 
time-frequency characteristics of the return signal may then 
be matched With the time-frequency characteristics of a plu 
rality of knoWn objects. Numerical comparison, vector dis 
tance calculation, correlation, and/or other analytical tech 
niques may be used to determine a degree of similarity 
betWeen the extracted time-frequency information and the 
time-frequency characteristics of the knoWn objects. A target 
may be considered to be identi?ed if the degree of similarity 
With a knoWn object exceeds a predetermined threshold. Such 
conventional automatic target recognition requires substan 
tial and costly processing capability in the radar receiver. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system for identifying 
targets. 

FIG. 2A is a representation of an exemplary radar signal in 
the time domain. 

FIG. 2B is a representation of the magnitude of an exem 
plary radar signal in the frequency domain. 

FIG. 3 is a block diagram of a radar system for identifying 
targets. 
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2 
FIG. 4 is a ?oW chart of a process for detecting targets. 
FIG. 5 is a ?oW chart of a process for detecting targets. 

DETAILED DESCRIPTION 

Description of Apparatus 
Referring noW to FIG. 1, a system for identifying targets 

100 using mirror image detection and recognition may 
include a radar system 1 10. The radar system 1 1 0 may include 
a transmitter 120 to transmit a radio-frequency signal 122 and 
a receiver 130 to receive a return signal 132 scattered, or 
re?ected, from a scene Which may contain a target 105. The 
transmitter 120 and receiver 130 may be coupled to separate 
antennas or a common antenna, Which is not shoWn in FIG. 1. 

The transmitted radio frequency signal 122 may be modu 
lated by an inverse transform data set 155 from an inverse 
transform library 150. The function of the inverse transform 
data set may be understood by brie?y considering the radar 
signal Waveforms shoWn in FIG. 2. 

FIG. 2A shoWs a pulsed radio-frequency Waveform Which 
may be representative of the Waveform transmitted by a con 
ventional radar system. The pulsed radio-frequency Wave 
form may be comprised of periodic pulses of RF energy 
having a fundamental frequency f0. The fundamental fre 
quency fO may be, for example, in the microWave or millime 
ter Wave portion of the electromagnetic spectrum. Each pulse 
may have a pulse Width A and the period betWeen the start of 
successive pulses may be T. The pulses may also be de?ned 
by a pulsed repetition rate (PRF) Which is the inverse of the 
period T. 

FIG. 2B shoWs the spectral content, or spectrum, of the 
pulsed radio-frequency Waveform of FIG. 2A, Which may be 
determined by taking a Fourier transform of the Waveform 
shoWn in FIG. 2A. The spectrum of the pulsed radio-fre 
quency Waveform may have a complex structure consisting of 
a plurality of narroW frequency components such as fre 
quency component 230 bounded by an envelope including a 
primary “lobe” 210 and a plurality of “side lobes” 220. The 
shape of the lobes 210, 220 and the spacing of the frequency 
components may be determined by the fundamental fre 
quency fo, the pulse Width A and the period T of the pulsed 
radio -frequency Waveform. 

FIG. 2A and FIG. 2B illustrate a basic pulsed radar Wave 
form. More complex Waveforms may be used. For example, 
the amplitude, phase, and/or frequency of the signal may be 
varied during each pulse. 

In a conventional radar system, the transmitter may trans 
mit a pulsed radio-frequency signal, such as that shoWn in 
FIG. 2A, and the receiver may receive a return signal scat 
tered, or re?ected, from a target. Each of the frequency com 
ponents of the transmitted signal, as shoWn in FIG. 2B, has a 
different Wavelength. Some of the frequency components of 
the transmitted signal may be strongly re?ected due to reso 
nances Within the target. For example, a target including a 
conductive element With a length L may strongly re?ect a 
signal having a Wavelength of 4L due to resonance of the 
conductive element. Re?ections from resonant elements 
Within a target may be relatively independent of the aspect 
angle at Which the radar signal impinges upon the target. 

In addition, each of the frequency components of the trans 
mitted signal may re?ect from multiple features of the target. 
Multiple re?ections of each frequency component Will sum 
coherently, such that some frequency components of the 
received signal may have a different relative amplitude and 
phase compared to the corresponding component of the trans 
mitted signal. The coherent sum of multiple re?ected signal 
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components may be highly dependent on aspect angle at 
Which the radar signal impinges upon the target. 

Thus a target may effectively transform a transmitted 
pulsed radio-frequency signal into a return signal that con 
tains information indicative of both the structure and orien 
tation of the target. 

The relationship betWeen the transmitted and returned sig 
nals may be described as 

Where P(t) is a transmitted pulsed radio-frequency signal, R(t) 
is a received return signal, and The is a function describing 
the transform performed as the transmitted signal is re?ected 
from the target. The transform function The may be unique to 
a speci?c target k and a speci?c aspect angle 9. The trans 
form function The may not be de?nable by a closed math 
ematical expression, but may be determined from reference 
images for the target k at aspect angle 9. 
An inverse transform, or mirror-image, signal T_lhe(t) is 

de?ned such that the folloWing relationship holds: 

Thus an inverse transform signal is a time-varying Wave 
form that, When transmitted from a radar system, is trans 
formed upon re?ection from a speci?c target at a speci?c 
aspect angle into a return signal that is similar to a pulse 
Waveform. More speci?cally, an inverse transform signal is a 
time-varying Waveform that, When transmitted from a radar 
system and re?ected from a speci?c target at a speci?c aspect 
angle, forms a return signal that is an autocorrelation function 
With a single detectable correlation peak. 

Referring back to FIG. 1, each inverse transform data set 
stored in the inverse transform library 150 may be adapted to 
modulate a carrier Wave signal to produce an associated 
inverse transform signal. The inverse transform library may 
store a plurality of inverse transform data sets representing a 
multiplicity of reference targets at various aspect angles. For 
example, a radar system intended for detecting Weapons con 
cealed upon a person might store a total of 1800 inverse 
transform data sets representing 50 different potential targets, 
each at 36 aspect angles. The transmitter 120 may transmit a 
signal modulated by each of the inverse transform data sets in 
sequence. To improve the performance of the receiver 130 
and detector 140, the transmitter 120 may transmit the signal 
modulated by each of the inverse transform data sets multiple 
times, for example 10 times or 20 times, in succession, alloW 
ing the receiver 130 and/or the detector 140 to average the 
multiple return signals for improved signal -to-noise ratio. For 
further example, the 1800 different inverse transform signals 
may each be transmitted 20 times in succession for a total of 
36,000 transmitted pulses for each cycle through the content 
of the transform library 150. In this example, a transmitter 
having a PRF of 36 kHZ may cycle through the content of the 
transform library in 1 second. Another transmitter With a 
higher PRF of 100 kHZ may cycle through the content of 
transform library nearly 3 times per second. 

The number of inverse transform data sets may be opti 
miZed by applying knoWn analytical techniques, such as dis 
closed in Us. Pat. No. 5,947,413 for selecting maximum 
average correlation height ?lters, to select transform data sets 
particularly suited to distinguishing betWeen a plurality of 
different targets. 

The use of polariZation on transmit and receive may 
enhance the capability of the system for identifying targets 
100 to identify targets and may reduce the number of false 
recognitions. Thus the inverse transform library 150 may 
include inverse transform data intended to be transmitted in a 
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4 
speci?c polarization state, and the transmitter 120 and/or 
receiver 130 may include means (not shoWn in FIG. 1) to 
select the polariZation state of the transmitted and received 
signals. 
The inverse transform library 150 may store a large plural 

ity of inverse transform data sets, each representing a speci?c 
reference target at a speci?c aspect angle. The number of 
reference targets may be more or less than 50, and the number 
of aspect angles per reference targets may be more or less than 
36. The number of target types, the number of aspect angles 
per target type, and the radar frequency, pulse Width, and PRP 
may be tailored to the application of the radar system. For 
example, a radar system to detect concealed personal Weap 
ons at close range may need sub-second response and thus 
may limit the number of inverse transform data sets or require 
a high PRF transmitter. Conversely, a radar system for detect 
ing vehicles at a long distance may alloW several seconds for 
target recognition and thus accommodate more inverse trans 
form data sets. 
The radar frequency may be selected such that the Wave 

length of the transmitted signal is comparable to the feature 
siZe of the targets of interest. For example, a radar system to 
detect concealed personal Weapons may transmit a signal in 
the Ka band (approximately 11 mm Wavelength) or W band 
(approximately 3 mm Wavelength) portions of the electro 
magnetic spectrum. Conversely, a radar system for detecting 
vehicles may transmit a loWer frequency, longer Wavelength 
signal Which may be, for example, in the X band portion of the 
electromagnetic spectrum (approximately 3 cm Wavelength). 
The inverse transform library 150 may be organiZed as a 

tiered or tree structure. For example, the radar system 110 
may ?rst transmit a ?rst plurality of inverse transform signals 
based on a ?rst group of higher level inverse transform data 
sets. The signals returned in response to the ?rst plurality of 
transmitted signals may be used to select a second group of 
one or more loWer-level inverse transform data sets. The radar 
system 110 may then transmit a second plurality of inverse 
transform signals based the second group of loWer level 
inverse transform data sets. The ?nal decision on the presence 
and/ or type of target may be based on the signal returned from 
the second plurality of transmitted signals. For further 
example, the higher level inverse transform data sets may 
represent targets at coarsely-spaced aspect angles, such as 
90-degree intervals, and the loWer level inverse transform 
data sets may represent the targets at aspect angles at ?ner 
angular intervals. The inverse transform library may be orga 
niZed in a structure having more than tWo tiers. 

Each inverse transform data set stored in the inverse trans 
form library 150 may be determined from a reference image 
of a knoWn reference target at a knoWn aspect angle. A refer 
ence image library 160 may include reference images for all 
of the anticipated targets at a plurality of aspect angles. Each 
reference image in the reference image library may be es sen 
tially a return signal received from the reference target When 
the reference target is illuminated by a knoWn transmitted 
pulse signal at a knoWn aspect angle under controlled experi 
mental conditions. The controlled conditions may ensure, for 
example, that the reference image is free of clutter and noise. 

In the case of relatively simple target objects, a reference 
image may also be obtained through simulation of the refer 
ence target object and the transmitted pulse signal. For 
example, a numerical model of the reference target may be 
created and a simulation technique such a ?nite difference 
time domain analysis may be used to compute a reference 
image signal that Would be re?ected When the target is illu 
minated by a knoWn pulse signal. 



US 7,990,308 B2 
5 

Each inverse transform data set may be derived from the 
associated reference image by a transform extractor 165. The 
transform extractor 165 may, for example, transform the ref 
erence image into the frequency domain. The transform 
extractor 165 may then compare the amplitude and phase of 
the frequency components of the transformed reference 
image With the frequency components of the transmitted 
pulse signal and calculate Weighting coef?cients and phase 
shifts for some or all of the frequency components of the 
transmitted pulse signal. The Weighted/phase-shifted fre 
quency components may then be summed and transformed 
back into the time domain to provide the inverse transform 
signal. Other techniques, such as knoWn techniques for devel 
oping target recognition ?lters for conventional radar systems 
in Which the ?lters are applied to analyZe a return signal, may 
be adapted for use in the transform extractor 165 to derive 
inverse transform data sets for modulating the transmitted 
signal in the system 100. 
The reference image library 160 and the transform extrac 

tor 165 may be separate from or a portion of the radar system 
110. The reference image library 160 may be populated With 
reference images off-line to the radar system 110, and the 
inverse transform data sets extracted by the transform extrac 
tor 165 may be up-loaded into the transform library 150 
Within the radar system 110. 

The detector 140 may receive a received signal 135 from 
the receiver 130. The detector 140 may determine if a target 
has been detected. The detector 140 may average or otherWise 
combine the received signal 135 for multiple transmission of 
the same inverse transform signal. The detector 140 may 
consider the amplitude, pulse Width, and other characteristics 
of the received signal 140 or the averaged received signals to 
determine if a target corresponding to the reference target 
corresponding to the inverse transform signal being transmit 
ted has been detected Within the scene. In this description, the 
term “detected” has the meaning of “judged to be suf?ciently 
the same according to at least one detection criteria”. The 
detector 140 may use one or more ?xed detection criteria or 

one or more adaptive detection criteria to determine the simi 
larity betWeen the target in the scene and the reference target. 
For example the detector 140 may be a constant false alarm 
rate detector or other adaptive detector. 

The output 145 of the detector 140 may be an absolute 
(yes/ no) target detection indicating that a target that is at least 
similar to the reference target corresponding to a particular 
inverse transform data set has or has not been detected Within 
the scene. The output 145 of the detector 140 may be a 
quantitative value, or score, indicating hoW similar a target 
Within the scene is to the reference target corresponding to an 
inverse transform data set that is currently being transmitted 
rather than an ab solute detection. The detector 140 may accu 
mulate scores While a plurality of inverse transform Wave 
forms are transmitted and then provide at output in the form of 
a ranked list of reference targets in order of similarity to a 
potential target Within the scene. 

The output 145 of the detector 140 may be used by the 
controller 170 to select Which inverse transform data set or 
data sets Will be transmitted. The output 145 of the detector 
140 may also be displayed or otherWise communicated to an 
operator. 

FIG. 3 is a simpli?ed block diagram of an exemplary radar 
system 310 Which may be suitable for use as the radar system 
110. An inverse transform library 350 stores, in digital form, 
a plurality of inverse transform data sets. The inverse trans 
form library may be one or more high speed static random 
access memory devices, read-only memory devices, or other 
memory devices. Each inverse transform data set may be read 
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6 
from the inverse transform library 350 in response to address 
and control signals provided by a controller 370. A digital 
to-analo g (D/A) converter 3 12 may convert the data read from 
the inverse transform library into an analog signal. The D/A 
converter 312 may operate at a high conversion rate, such as 
l GHZ or 4 GHZ or some other conversion rate. Each inverse 
transform data set may include a plurality of data values 
representing the amplitude of an inverse transform signal at 
regular time increments corresponding to the conversion rate 
of the D/A converter 312. The output of the D/A converter 
may be an analog signal representing the amplitude envelope 
of an inverse transform signal. 
A ?rst mixer 314 may multiply an RF carrier signal 323 

from a local oscillator 322 and the output signal from the D/A 
converter 312 to form a pulsed radio frequency signal 315. 
The pulsed radio frequency signal 315 may be ampli?ed by a 
transmit ampli?er 316 and coupled to an antenna 318 through 
a duplexer 324. The duplexer 324 may be a circulator, a 
transmit/receive sWitch, or other circuitry to isolate the trans 
mit signal 317 from the receive signal 325. 
The return signal re?ected from a target 305 may be 

received at the antenna 318 and coupled to a receive ampli?er 
326 via the duplexer 324. A second mixer 328 may multiply 
the ampli?ed received signal 327 and the signal 323 from the 
local oscillator 322. The output 329 of the second mixer 328 
may be applied to a detector 340 that determines if a target has 
been detected. The detector 340 may consider the amplitude, 
pulse Width, and other characteristics of the signal 329 to 
determine if a target is present. The detector 340 may be a 
constant false alarm rate detector or other adaptive detector 
circuit. The output 345 of the detector 340 may be an absolute 
detection, a quantitative value, a score, or a ranked list. 
The output 345 of the detector 340 may be used by the 

controller 370 to select Which inverse transform data set or 
data sets Will be transmitted. The output 345 of the detector 
340 may also be displayed or otherWise communicated to an 
operator. 

Description of Processes 
FIG. 4 is a How chart of an exemplary process 400 for 

detecting targets using a radar system. At 410, a ?rst inverse 
transform data set may be retrieved from an inverse transform 
library. The ?rst inverse transform data set may correspond to 
a ?rst speci?c target vieWed at a ?rst aspect angle. The ?rst 
inverse transform data set may be selected from a predeter 
mined list of inverse transform data sets, may be selected 
randomly from a plurality of inverse transform data sets, or 
may be selected in some other manner. At 415, the ?rst inverse 
transform data set may be used to modulate a Waveform 
transmitted from the radar system. At 420, the radar system 
may receive a return signal re?ected from a scene including at 
least one potential target. The process 400 may loop from 425 
back to 415 such that the Waveform modulated by the ?rst 
inverse transform data set may be transmitted a predeter 
mined number of times. At 430, the return signals from the 
repeated transmissions of the Waveform modulated by the 
?rst inverse transform data set may be average or otherWise 
combined and evaluated. The output from 430 may be, for 
example, a quantitative value or score indicating the similarly 
betWeen a target in the scene and the ?rst target vieWed at the 
?rst aspect angle. 
At 435, a determination may be made if the inverse trans 

form library 450 contains more inverse transform data sets to 
be transmitted. The process 400 may repeat from 410 through 
435, With a different inverse transform data set, correspond 
ing to a different target and/ or a different aspect angle, 
selected at 430 during each repetition. The process 400 may 
repeat from 410 through 435 until all of the inverse transform 
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data sets in the inverse transform library 450 have been used. 
When all inverse transform data sets in the inverse transform 
library have been transmitted, the scores for all of the inverse 
transform data sets may be compared and evaluated at 440 to 
determine What target or targets, if any, have been detected in 
the scene. The results of the evaluation at 440 may be dis 
played or otherWise communicated to an operator. The pro 
cess 400 may then restart from 410 using the ?rst inverse 
transform data set. 

5 

Each inverse transform data set stored in the transform 10 
library 450 may be developed independently of the process 
for detecting targets 400. At 480, a reference image may be 
captured from a knoWn target at a speci?c aspect angle. The 
reference image in the reference image library may be essen 
tially a return signal received from the knoWn target When the 
knoWn target is illuminated by an ideal transmitted pulse 
signal under controlled conditions. The controlled conditions 
may ensure, for example, that the reference image is free of 
clutter and noise. 
An inverse transform Waveform may be derived from the 

reference image at 490. For example, the reference image 
may be transformed into the frequency domain at 492. The 
amplitude and phase of the frequency components of the 
transformed reference image may be compared With the fre 
quency components of the ideal transmitted pulse signal and 
inverse Weighting coef?cients and phase shifts for some or all 
of the frequency components of the reference image may be 
determined at 494. The Weighted/phase-shifted frequency 
components may then be summed and transformed back into 
the time domain at 496. The digitiZed signal may be re 
sampled at 498 at the conversion rate of a D/A converter in the 
radar set that Will transmit the inverse transform signal, for 
example the D/A converter 412 in FIG. 4. The resulting 
inverse transform data set may then be uploaded to the trans 
form library 450. 

FIG. 5 is a How chart of another exemplary process 500 for 
detecting targets using a radar system. At 505, a ground of 
inverse transform data sets may be selected from a plurality of 
inverse transform data sets stored in an inverse transform 
library (not shoWn). The plurality of inverse transform data 
sets may be organiZed in the inverse transform library as a tree 
or tiered structure, and the selected group of inverse transform 
data sets may represent a tree branch or tier. 

The process 500 may proceed from 510 through 535 as 
described for the process 400 until all of the inverse transform 
data sets in the selected group have been used. At 540, a 
determination may be made if inverse transform data sets 
from additional tiers or levels of the library should be used. If 
inverse transform data sets from additional tiers or levels of 
the library are to be used, the process 500 may return to 505 
to select another group of inverse transform data sets. The 
selection at 505 may be based on the results from the previous 
group of inverse transform data sets. 
When a determination is made at 540 that no additional 

inverse transform data sets should be used, for example When 
the previous group of inverse transform data sets came from 
the loWest tier or smallest branch Within the structure of the 
inverse transform library, the process 500 may proceed to 
545. At 545, the scores for all of the inverse transform data 
sets may be compared and evaluated to determine What target 
or targets, if any, have been detected in the scene. The results 
of the evaluation at 545 may be displayed or otherWise com 
municated to an operator. The process 500 may then restart 
from 505 With the ?rst group of inverse transform data set. 

Closing Comments 
Throughout this description, the embodiments and 

examples shoWn should be considered as exemplars, rather 
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8 
than limitations on the apparatus and procedures disclosed or 
claimed. Although many of the examples presented herein 
involve speci?c combinations of method acts or system ele 
ments, it should be understood that those acts and those 
elements may be combined in other Ways to accomplish the 
same objectives. With regard to ?oWcharts, additional and 
feWer steps may be taken, and the steps as shoWn may be 
combined or further re?ned to achieve the methods described 
herein. Acts, elements and features discussed only in connec 
tion With one embodiment are not intended to be excluded 
from a similar role in other embodiments. 

For means-plus-function limitations recited in the claims, 
the means are not intended to be limited to the means dis 

closed herein for performing the recited function, but are 
intended to cover in scope any means, knoWn noW or later 

developed, for performing the recited function. 
As used herein, “plurality” means tWo or more. 
As used herein, a “set” of items may include one or more of 

such items. 
As used herein, Whether in the Written description or the 

claims, the terms “comprising”, “including”, “carrying”, 
“having”, “containing”, “involving”, and the like are to be 
understood to be open-ended, i.e., to mean including but not 
limited to. Only the transitional phrases “consisting of’ and 
“consisting essentially of”, respectively, are closed or semi 
closed transitional phrases With respect to claims. Use of 
ordinal terms such as “?rst”, “secon ”, “thir ”, etc., in the 
claims to modify a claim element does not by itself connote 
any priority, precedence, or order of one claim element over 
another or the temporal order in Which acts of a method are 
performed, but are used merely as labels to distinguish one 
claim element having a certain name from another element 
having a same name (but for use of the ordinal term) to 
distinguish the claim elements. 
As used herein, “and/or” means that the listed items are 

alternatives, but the alternatives also include any combination 
of the listed items. 

It is claimed: 
1. A system for detecting targets, comprising: 
a transmitter to transmit a ?rst inverse transform signal, the 

?rst inverse transform signal derived from a reference 
image of a ?rst reference target at a ?rst aspect angle, 

a receiver to receive a return signal re?ected from a scene, 
a detector to provide a detection result indicating, based on 

the return signal, if an object similar to the ?rst target at 
the ?rst aspect angle is detected Within the scene. 

2. The system for detecting targets of claim 1, further 
comprising: 

an inverse transform library to store a ?rst inverse trans 
form data set, 

a modulator to modulate a radio frequency signal With the 
?rst inverse transform data set to form the ?rst inverse 
transform signal. 

3. The system for detecting targets of claim 2, Wherein 
the inverse transform library stores a plurality of inverse 

transform data sets, 
each of the plurality of inverse transform data sets is 

derived from a corresponding one of a plurality of ref 
erence images, 

each of the plurality of references images differs from each 
other of the plurality of reference images is at least one 
of an associated reference target and an associated 
aspect angle. 

4. The system for detecting targets of claim 3, further 
comprising: 
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a controller to select a ?rst group of inverse transform data 
sets, including the ?rst inverse transform data set and 
one or more additional inverse transform data sets, 

Wherein the ?rst group of inverse transform data sets is 
used to form a corresponding ?rst group of inverse trans 
form signals that are transmitted in a sequence. 

5. The system for detecting targets of claim 4, Wherein each 
of the ?rst group of inverse transform signals are transmitted 
for a predetermined number of times before transmitting a 
next inverse transform signal in the sequence. 

6. The system for detecting targets of claim 4, Wherein the 
controller selects the ?rst group of inverse transform data sets 
based, at least in part, detection results from the detector. 

7. The system for detecting targets of claim 4, Wherein 
the plurality of inverse transform data sets stored in the 

inverse transform library is organiZed in a tiered struc 
ture, 

the controller to selects a ?rst group of inverse transform 
data sets, including the ?rst inverse transform data set 
and one or more additional inverse transform data sets, 
from a ?rst tier of the inverse transform library, 

the controller selects a second group of one or more inverse 
transform data sets from a second tier of the inverse 
transform library based on detection results from the 
?rst group of inverse transform data sets. 

8. A method for detecting targets, comprising: 
transmitting a ?rst inverse transform signal, the ?rst inverse 

transform signal derived from a reference image of a ?rst 
reference target at a ?rst aspect angle, 

receiving a return signal re?ected from a scene, 
providing a detection result indicating, based on the return 

signal, if an object similar to the ?rst target at the ?rst 
aspect angle is detected Within the scene. 

9. The method for detecting targets of claim 8, further 
comprising: 

storing a ?rst inverse transform data set in an inverse trans 
form library, 

modulating a radio frequency signal With the ?rst inverse 
transform data set to form the ?rst inverse transform 
signal. 

10. The method for detecting targets of claim 9, Wherein 
the inverse transform library stores a plurality of inverse 

transform data sets, 
each of the plurality of inverse transform data sets is 

derived from a corresponding one of a plurality of ref 
erence images, 

each of the plurality of reference images differs from each 
other of the plurality of reference images is at least one 
of an associated reference target and an associated 
aspect angle. 

11. The method for detecting targets of claim 10, further 
comprising: 
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10 
selecting a ?rst group of inverse transform data sets, 

including the ?rst inverse transform data set and one or 
more additional inverse transform data sets, 

forming a corresponding ?rst group of inverse transform 
signals from the ?rst group of inverse transform Wave 
forms, 

transmitting the ?rst group of inverse transform signals in 
a sequence. 

12. The method for detecting targets of claim 11, Wherein 
the ?rst group of inverse transform data sets are selected 
based, at least in part, on detection results. 

13. The method for detecting targets of claim 11, further 
comprising: 

transmitting each of the ?rst group of inverse transform 
signals for a predetermined number of times before 
transmitting a next inverse transform signal in the 
sequence. 

14. The method for detecting targets of claim 10, Wherein 
the plurality of inverse transform data sets stored in the 
inverse transform library is organiZed in a tiered structure, the 
method further comprising: 

selecting a ?rst group of inverse transform data sets, 
including the ?rst inverse transform data set and one or 
more additional inverse transform data sets, from a ?rst 
tier of the inverse transform library, 

transmitting the ?rst group of inverse transform data sets in 
sequence and receiving return signals, 

selecting a second group of one or more inverse transform 
data sets from a second tier of the inverse transform 
library based on detection results from the ?rst group of 
inverse transform data sets, 

transmitting the second group of inverse transform data 
sets in sequence. 

15. The method for detecting targets of claim 8, further 
comprising: 

acquiring a reference image of the ?rst reference target at 
the ?rst aspect angle 

deriving the ?rst inverse transform signal from the ?rst 
reference image. 

16. The method for detecting targets of claim 9, further 
comprising: 

acquiring a plurality of reference images, each reference 
image differing from each other reference image in at 
least one of a reference target or an aspect angle, 

deriving a corresponding plurality of inverse transform 
signals and inverse transform data sets from the plurality 
of reference images, 

storing the plurality of inverse transform data sets in the 
inverse transform library. 


